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This study presents a systematic conceptual design of the process that is expected to 
purify domestic sewage using physical processes associated with biochemical and 
chemical processes. Based on the main objectives, decision structure, and hierarchical 
decision suggested for wastewater treatment process design; an integrated 
physical–biological-chemical treatments conceptual process for the low-cost 
treatment of domestic sewage is proposed.  
The process design procedure is carried out in five main steps: (1) sewage 
treatment process flow sheet identification; (2) sewage treatment fundamentals; (3) 
design and technological calculations with equipments selection; (4) workshop cost 
estimation; (5) and the systematic analysis of environmental and fire protection, 
process safety and health.  
With the present process, the domestic sewage is subjected to undergo 
preliminary (coarse materials and grit removals) and primary (primary sedimentation) 
treatments followed by biological treatment in the biological nutrient removal system 
(CAAA system); finally the treated wastewater is settled in final settler and then 
disinfected before being discharged. With the operating design conditions [25o C; 
preliminary treatment (coarse screen and aerated grit chamber with DT = 5 minutes); 
primary sedimentation (with DT = 1.8 h) treatment followed by CAAA system 
(secondary treatment): anaerobic bioreactor with HRT = 1.5 h, anoxic bioreactor with 
HRT = 1.5 h and SRT = 5 d, aerobic bioreactor with HRT = 3 h and SRT = 5 d], the 
designed treatment process has a high efficiency. The BOD5, TSS, nitrogen, 
phosphorus removal efficiencies attained high treatment levels (95%, 95%, 80%, and 
80% respectively).  
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Acronyms and abbreviations 
ABBREVIATIONS AND SYMBOLS 
 
A2/O  Anaerobic-anoxic-oxic 
AS Activated sludge  
BNR Biological nutrient removal 
BOD Biological oxygen demand 
BOD21 Ultimate BOD 
BOD5 The 5-day, 20oC biochemical oxygen demand 
BPR Biological phosphorus removal 
bsCOD Biological soluble chemical oxygen demand 
CBODL Ultimate carbonaceous BOD 
CC Capital cost 
CFSTR Continuous flow stirred tank reactor 
d Day 
DET Detection 
DO Dissolved oxygen 
DS Domestic sewage 
DST Domestic sewage treatment 
DSTP Domestic sewage treatment plant 
DT Detention time  
EPA Environmental Protection Agency  
F/M Food-to micro-organism ratio 
FMEA Failure mode effect analysis 
G Average velocity gradient, 1/s 
GAC Granular activated carbon  
HAZOP Hazard and operability 
HRT Hydraulic retention time 
HS&E Health, safety, and environmental  














Acronyms and abbreviations 
MLE Modified Ludzack-Ettinger 
MLSS Mixed liquor suspended solids 
MLVSS Mixed-liquor volatile suspended solids  
N Nitrogen 
NBODL Ultimate nitrogenous BOD 
NPP Non precipitated phosphorus  
O&M Operation and maintenance 
OCC Occurrence 
OLR Organic loading rate 
Org-N Organic nitrogen 
P Phosphorus 
PAC Powdered activated carbon  
PAO Phosphate-accumulating organism 
PFR Plug flow reactor 
pH Hydrogen potential 
Pe Peclet number 
PHB Poly-β-hydroxybutyrate  
PP Precipitated phosphorus 
Q Flow rate 
RAS Return activated sludge 
RBC Rotating Biological Contactor  
SBR Sequencing batch reactor  
SCVFA Short chain volatile fatty acid 
SEV Severity 
SLR Solids loading rate  
SOR Standard Oxygen Requirement 
SRT Solids retention time 
SSBNR Single-sludge nitrogen-removal  














Acronyms and abbreviations 
SVI Sludge volume index 
THM Trihalomethane 
ThOR Theoretical oxygen requirement 
TN Total nitrogen 
TP Total phosphorus 
TS Total solids 
TSS Total suspended solids 
TVS Total volatile solids 
TVSS Total volatile suspend solids 
UCT University of Cape Town  
VFA Volatile fatty acid 
VIP Virginia Initiative Plant 
VOC Volatile organic compound 
VSS Volatile suspended solids 
WAS Waste Activated Sludge  
WHO World Health Organization  
WWTP Wastewater treatment plant 
Xbc Biomass concentration 
YDN Yield coefficient for denitrification  
Yobs Observed yield 
η Heterotrophic microorganisms fraction 
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Introduction and wastewater treatment process determination 
CHAPTER 1 
INTRODUCTION AND WASTEWATER 
TREATMENT PROCESS DETERMINATION 
 
1.0 INTRODUCTION 
Domestic wastewater (i.e. sewage) is the mainly liquid waste from the daily human 
activities; it consists of human excreta, urine and the associated sludge (collectively 
known as black water), and wastewater generated through bathing and kitchen 
(collectively known as grey water). Few people give thought to where wastewater 
goes after it disappears down the drain. Domestic water usage, and the resultant 
wastewater, is affected by climate, community size, density of development, 
community affluence, dependability and quality of water supply, water conservation 
requirements or practices, and the extent of meter services [1].  
Untreated wastewater generally contains high levels of organic material, 
numerous pathogenic microorganisms, as well as nutrients and toxic compounds. It 
thus entails environmental and health hazards, and consequently must immediately be 
conveyed away from its generation sources and treated appropriately before final 
disposal. It is estimated that pollution of drinking water due to feces is by far the 
biggest cause of death worldwide. The ultimate goal of wastewater management is the 
protection of the environment in a manner commensurate with public health and 
socioeconomic concerns [2].  
With population and urbanization growth, the output of domestic wastewater is 
increasing; the cost and availability of land are also becoming limited factors. 
Therefore, there is a tremendous demand to develop reliable domestic wastewater 
treatment technologies [3]. Good management of wastewater treatment processes 
aims at ensuring a degree of purification sufficient to comply with the legislative 
limits on water discharge while, at the same time, keeping costs, both environmental 
and financial, at a minimum [4].  
This study aims at designing a domestic sewage treatment process that would 
allow minimizing costs and both environmental and financial effects with a high 
treatment degree. For fulfilling this task, design alternatives are distinguished on basis 














Introduction and wastewater treatment process determination 
computation approach is used for performing mass balance analysis. The study is 
organized as follows: overview on domestic sewage treatment; treatment process 
determination; description and technical calculations; reactors sizing and layout; 
equipment list; material consumption; workshop cost and estimation; environmental 
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